24 Babesia bovis establishes persistent infections of long duration in cattle, despite the development 25 of effective anti-disease immunity. One mechanism used by the parasite to achieve persistence is 26 rapid antigenic variation of the VESA1 cytoadhesion ligand through segmental gene conversion 27 (SGC), a phenomenon thought to be a form of homologous recombination (HR). To begin 28 investigation of the enzymatic basis for SGC we initially identified and knocked out the Bbrad51 29 gene encoding the B. bovis Rad51 ortholog. BbRad51 was found to be non-essential for in vitro 30 growth of asexual-stage parasites. However, its loss resulted in hypersensitivity to 31 methylmethane sulfonate (MMS) and an apparent defect in HR. This defect rendered attempts to 32 complement the knockout phenotype by reinsertion of the Bbrad51 gene into the genome 33 unsuccessful. To circumvent this difficulty, we constructed an artificial chromosome, BbACc3, 34 into which the complete Bbrad51 locus was inserted, for expression of BbRad51 under 35 regulation by autologous elements. Maintenance of BbACc3 makes use of centromeric 36 sequences from chromosome 3 and telomeric ends from chromosome 1 of the B. bovis C9.1 line. . Cytoadhesion is therefore a behavior that is immunologically sensitive, and which the 74 parasite correspondingly has evolved means to protect. The development of the ability to 75 abrogate antigenic variation would allow for ready elimination of the parasite; this capability is a 76 desirable goal for parasite control through disruption of an essential aspect of its biology.
176 including predicted start and stop codons, and intron boundaries ( Fig. 2A ; [15, 25] ). Active 177 transcription of Bbrad51 by asexual stages has been reported previously [26] , and was confirmed 178 here by RT-PCR (S2 Fig., Table) , and the sites to which each anneals, are indicated. (Fig. 4) . In the CE11 line there was little or no effect seen at 250 M. B. bovis CE11 269 parasites exposed to 500 M showed a severe reduction in growth rate that quickly increased, 422 pBbACc3_Bbrad51wt is built upon pBbACc3 but also contains the entire uninterrupted Bbrad51 423 locus, including promoter and 3'-termination sequences to facilitate proper regulation (Fig. 5B) . (Fig. 7A) , and to undergo expansion of the telomeric repeat regions (Fig. 7B) . 512 This allowed us to circumvent the need for homologous recombination to reintegrate Bbrad51 513 sequences into the genome in order to acquire a uniform population. Significantly, 514 BbACc3_Bbrad51wt enabled the complementation of the Bbrad51 knockout phenotype at near-515 normal levels in response to MMS challenge. Once established, the BbACc3 platform behaved 516 like a native chromosome, forming chromatin and lengthening its telomeres. Despite these 517 positive attributes, a cautionary note must also be provided. Southern blot results suggest that 518 within CE11 wild-type parasites, the major parasite population to grow up during selection 519 appears to have undergone a crossover event between BbACc3 and one of the native 520 chromosomes (Fig. 7B ). This appears to have occurred through subtelomeric or telomeric repeat 521 sequences at the "left" end near the -lactamase coding sequences, resulting in significant 522 expansion of that end of BbACc3, and an overall much longer artificial chromosome than in 523 ko1 H5/BbACc3_Bbrad51wt, even after expansion of its telomeric repeats. An event of this nature 524 would always be a potential hazard in any HR-competent parasite line. A useful improvement of 525 BbACc3 could be made through the inclusion of replication origin sequences that might improve 526 the ease of initial establishment of the chromosome, which in these experiments was no faster 527 than selection of double crossover integration mutants. Thus, while artificial chromosome 528 technology holds considerable promise for certain applications and was invaluable in this study, 529 it will require optimization to meet its full potential. Regardless, BbACc3 provides a new option 530 in the toolkit for genetic manipulation of B. bovis and perhaps other babesial parasites where its 531 centromeric and regulatory sequences may function, and will be made freely available to the 532 scientific community.
533
534 From these studies we conclude that Bbrad51 encodes the B. bovis Rad51 ortholog, and that this 535 protein is non-essential to the parasite for in vitro survival and growth. It remains to be 536 determined whether the parasite could similarly survive during infection of a host without 537 BbRad51. Further, we provide evidence that the encoded protein is involved in recovery from 538 DNA damage, consistent with known functions of Rad51 proteins in other systems [48] .
539 However, any connection of BbRad51 with SGC specifically remains to be established.
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